Objectives: In the absence of large, prospective, placebo-controlled studies of longer duration, substantial evidence regarding the safety and risk of testosterone (T) therapy (TTh) with regard to cardiovascular (CV) outcomes can only be gleaned from observational studies. To date, there are limited studies comparing the effects of long-term TTh in men with hypogonadism who were treated or remained untreated with T, for obvious reasons. We have established a registry to assess the long-term effectiveness and safety of T in men in a urological setting. Here, we sought to compare the effects of T on a host of parameters considered to contribute to CV risk in treated and untreated men with hypogonadism (control group). Patients and Methods: Observational, prospective, cumulative registry study in 656 men (age: 60.7 + 7.2 years) with total T levels 12.1 nmol/L and symptoms of hypogonadism. In the treatment group, men (n ¼ 360) received parenteral T undecanoate (TU) 1000 mg/12 weeks following an initial 6-week interval for up to 10 years. Men (n ¼ 296) who had opted against TTh served as controls. Median follow-up in both groups was 7 years. Measurements were taken at least twice a year, and 8-year data were analyzed. Mean changes over time between the 2 groups were compared by means of a mixed-effects model for repeated measures, with a random effect for intercept and fixed effects for time, group, and their interaction. To account for baseline differences between the 2 groups, changes were adjusted for age, weight, waist circumference, fasting glucose, blood pressure, and lipids. Results: There were 2 deaths in the T-treated group, none was related to CV events. There were 21 deaths in the untreated (control) group, 19 of which were related to CV events. The incidence of death in 10 patient-years was 0.1145 in the control group (95% confidence interval [CI]: 0.0746-0.1756; P < .000) and 0.0092 in the T-treated group (95% CI: 0.0023-0.0368; P < .000); the estimated difference between groups was 0.0804 (95% CI: 0.0189-0.3431; P < .001). The estimated reduction in mortality for the T-group was between 66% and 92%. There were also 30 nonfatal strokes and 26 nonfatal myocardial infarctions in the control group and none in the T-treated group. Conclusion: Long-term TU was well tolerated with excellent adherence suggesting a high level of patient satisfaction. Mortality related to CV disease was significantly reduced in the T-group.
Introduction
Testosterone (T) is a steroid hormone modulating multiple physiological functions and regulating carbohydrates, proteins, and lipid metabolism. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Testosterone is a critical physiologic modulator for muscle structure and function and regulates the process of adipogenesis. 1, 3 T is a metabolic and vascular hormone required for maintaining overall physiological function in men's health. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Testosterone deficiency (TD) contributes to a host of pathophysiological processes and affects men's overall health and quality of life. 2, 12, 13 TD adversely reduces bone mineral density and muscle mass and increases fat mass contributing to larger body mass index (BMI). TD contributes to anemia, frailty, fatigue, and insulin resistance (IR). Other adverse effects of TD include altered mood, diminished vitality, and reduced level of energy and sense of well-being coupled with impaired memory and reduced cognition. TD is also associated with reduced libido, increased erectile, and orgasmic dysfunction. TD correlates with poor physical and social function and decline in overall health. 2, 12, 13 TD predicts metabolic syndrome (MetS), diabetes, and obesity. 2, 12, 13 Since MetS, obesity, and diabetes are risk factors for cardiovascular disease (CVD), it is likely that TD increases CVD risk as a result of potentiating such risk factors. Antonio et al and Laaksonen et al 14, 15 have shown that reduced T levels are independent predictors of MetS. Furthermore, in a large, wellexecuted epidemiological study with a long follow-up period, it was demonstrated that higher endogenous T levels are protective and associated with a reduced risk of CVD, whereas reduced T levels are associated with an increased risk of cardiovascular (CV) events, coronary heart disease, and cerebrovascular (CBV) disease. 16 Recent reviews 12, 13 suggested that T therapy (TTh) in men with TD is not associated with increased CV risk. On the contrary, TTh appears to be protective. It should be pointed out that TTh has been used for over 70 years [16] [17] [18] [19] [20] [21] [22] with little or no demonstrable risk. In fact, recent studies suggested that TTh does not increase CV risk or mortality and is thought to be beneficial. [23] [24] [25] [26] [27] [28] [29] [30] Of 9 meta-analyses published to date, all but 1 demonstrated that no serious harm is incurred from TTh; on the contrary, TTh is associated with significant overall health benefits. 12, 13 It is important to point out that since obesity, diabetes, IR, dyslipidemia, MetS, hypertension, and hyperglycemia are considered CV risk factors, any therapeutic modality that ameliorates these components is expected to reduce CV risk. Thus, it is not surprising that as published reports demonstrate that TTh ameliorates MetS; improves lipid profile, hyperglycemia, blood pressure, inflammation, and IR; increases lean body mass; improves bone mineral density; reduces waist circumference (WC); and improves vigor and vitality, TTh is also likely to reduce the risk of CVD and mortality. 12, 13 Over the past several years, 4 reports appeared in the clinical literature purporting increased CV risk and death attributed to TTh. [31] [32] [33] [34] A thorough analysis of these studies has been undertaken by several investigators 12, 13 as well as the Food and Drug Administration (FDA), 35 all arriving at the conclusion that such studies are neither credible nor convincing with regard to the purported CV risk, due to methodological flaws, data contamination, and use of unvalidated statistical methods. Seven recent studies [23] [24] [25] [26] [27] [28] [29] [30] did not confirm the findings of these purported studies. [31] [32] [33] [34] On the contrary, none reported an association with TTh and increased CV risk or increased mortality. A recent randomized controlled trial of 790 men treated or untreated with T for 1 year confirmed no increase in the risk of CVD. 30 On the contrary, in the second year of follow-up, the study showed more CV events in the placebo arm than in the T-treated group. 30 We have undertaken this study to investigate the risks and benefits of TTh in men with TD treated for up to 8 years and compare these benefits with those in men with TD who remained untreated for the same length of time in a clinical setting that represents what is observed in real life. Our findings are summarized in this report.
Patients and Methods
This was an observational, prospective, cumulative registry study in 656 men (age: 60.72 + 7.15 years) with total T levels 12.1 nmol/L and symptoms of hypogonadism. Ethical guidelines as formulated by the German "Ä rztekammer" (the German Medical Association) for observational studies in patients receiving standard treatment were followed. After receiving an explanation regarding the nature and the purpose of the study, all participants consented to be included in the registry and have their data analyzed. Measurements of the parameters assessed in this study were carried out as previously described. 36, 37 Men seeking medical treatment for urological complaints were enrolled. In the T-treated group, 360 men received parenteral T undecanoate (TU) 1000 mg/12 weeks following an initial 6-week interval for up to 10 years. Men (n ¼ 296) who had opted against TTh, primarily due to financial reasons but also due to a negative perception of TTh as a risky treatment, served as controls. Median follow-up in both groups was 7 years.
Assessment and Follow-Up
Measurements were taken at least twice a year, and 8-year data were analyzed. We measured or calculated the following parameters-total plasma T levels, weight, WC, BMI, hemoglobin, hematocrit, fasting glucose levels and glycated hemoglobin (HbA 1c ), systolic blood pressure (SBP) and diastolic blood pressure (DBP), heart rate, pulse pressure, rate pressure product, lipid profile (total cholesterol [ 
Statistical Methods
In the treated group, patients returned quarterly for TU injections, whereas in the control group, patients returned biannually for a routine visit. Data in both treated groups have been averaged across each year of patients participating in the study. Thus, obtained yearly data were used to assess differences between the 2 groups while adjusting for possible confounding. Adjusted multivariable analyses and the propensity score matching approaches were used to compare the 2 groups across time while adjusting for baseline differences.
Adjusted Multivariable Analyses
In adjusted multivariable analyses, changes from baseline in parameters (weight, WC, etc) were analyzed using a mixed model for repeated measures in terms of treatment, visit, and treatment-by-visit interaction as fixed factors and age, WC, weight, systolic and DBP, TC, HDL, LDL, TG, AMS, glucose, and baseline values of the analysis parameter as covariates.
Baseline parameter values are the values recorded prior to TU injection. A random effect was included in the model for the intercept. Adjusted mean differences between treatment groups at each time point and across time within each treatment group were estimated using estimate statements in SAS PROC MIXED, Version 9.3 (2011) provided by SAS Institute Inc, Cary, North Carolina.
Propensity Matching Analyses
Our general strategy for propensity matching of those on active treatment to those who remained untreated included calculating propensity score based on logistic regression model and selecting matching pairs (or one to many) based on the score. The matching was performed by "nearest neighbor" selection with caliper set to a fraction of standard deviation (SD) of the propensity score. Several scenarios were considered. We first attempted to create propensity score based on following variables-age, WC, weight, SBP and DBP, TC, HDL, LDL, TG, AMS, and glucose. That model discriminated between active drug and those who remained untreated too well, resulting in a very small overlap of propensity score distributions. We then created propensity score based on the following variablesage, BMI, and WC. The 1:1 matching was done choosing nearest neighbor match with caliper set to 0.2 SD of the propensity score. Additionally, we explored 1:1 matching setting caliper to 0.5 SD and 1:2 matching with 0.2 SD and 0.5 SD calipers. These additional scenarios did not result in noticeable gain of the matched sample. Analyses were performed using SAS 9.3 software (SAS Institute, Cary, North Carolina).
Results
Baseline characteristics and comorbidities of the patients included in this registry and reported in this article are shown in Table 1 . A total of 656 patients were included in the study and were followed up for up to 8 years. In the group that opted against TTh (henceforth referred to as untreated, control group), a total of 296 patients were followed up. The mean baseline age was 64.8 + 4.3 years, with a mean follow-up of 6.5 + 1.2 years and a median follow-up of 7 years. The T-treated group consists of a total of 360 patients with a mean baseline age of 57.4 + 7.3 years, with a mean follow-up of 6.5 + 2.4 years and a median follow-up of 7 years. In the control group, there were 12 men who were diagnosed with prostate cancer during the follow-up period. In the T-group, there were 7 men who were diagnosed with prostate cancer during the follow-up period. Furthermore, in the control group, there were 21 deaths, 19 of which were attributed to CVD. In the T-group, 2 deaths occurred, none was attributed to CVD. We should emphasize that the 2 groups are compared in terms of changes from baseline rather than the absolute values. This was done, in part, to ensure that differences between the 2 groups at baseline do not contribute to the observed differences between the groups. The data presented here reflect the estimated adjusted mean difference between the 2 groups.
Impact of TTh on Mortality and Nonfatal Myocardial Infarction and Stroke
In this registry, the follow-up time for the total group (in months) was 73.29 + 22.9 (minimum: 9; maximum: 111) and in the control group was 74.37 + 13.60 (minimum: 24; maximum: 90). In the T-treated group, the follow-up time was 72.4 + 28.35 (minimum: 9; maximum: 111). As shown in Table 2 , there were 2 deaths in the T-treated group, none was related to CV events. One was attributed to postsurgical thromboembolism and 1 due to traffic accident. In the nontreated control group, there were 21 deaths, 19 of which were related to CV events. Five were attributed to myocardial infarction (MI), 4 were attributed to stroke, 7 were attributed to heart failure, 2 to thromboembolism, 1 to lung embolism, and 1 to pneumonia and lung failure ( Table 2 ). The incidence of death in 10 years was 0.1145 in the control group (95% confidence interval [CI]: 0.0746-0.1756; P < .000) and 0.0092 in the T-treated group (95% CI: 0.0023-0.0368; P < .000); the estimated difference between the groups was 0.0804 (95% CI: 0.0189-0.3431; P < .001). The estimated reduction in mortality for the T-group was between 66% and 92%. There were 26 nonfatal MIs (Table 3 ) and 30 nonfatal strokes ( TTh reduced blood glucose levels significantly in men with hypogonadism (5.7 + 0.7 to 5.2 + 0.1 mmol/L). When data were adjusted for baseline differences, the adjusted difference between the treated and untreated control groups showed a progressive decrease in glucose levels from baseline ( Figure 1A ). The estimated change from baseline was À0.4 mmol/L (P < .0001). In contrast, blood glucose levels (Tables 5 and 6 ). As shown in Figure 1B , HbA 1c levels were significantly reduced in the Tgroup, and the reduced values were maintained with TTh over the course of follow-up. Glycated hemoglobin was recorded from 6.9% + 1.4% to 5.6% + 0.4%, with an estimated change from baseline of À1.7% (P < .0001). After adjustment for baseline differences, the adjusted difference between the treated and untreated control groups showed a progressive decrease in HbA 1c from baseline ( Figure 1B ). In contrast, HbA 1c increased in the untreated group from baseline 6.1% + 1.2% to 6.4% + 1.4%, with an estimated change from baseline of þ0.3% (P < .0001). Subgroup analysis comparing the effects of TTh in diabetic men showed considerable and significant reductions in HbA 1c values compared to diabetic men who remained untreated (control group; data not shown). This is consistent with observations reported previously by others. [38] [39] [40] [41] [42] [43] The reductions in HbA 1c by TTh have important implications in reducing the IR burden in diabetic men and also in reducing the risk of CVD.
Impact of TTh on SBP and DBP in Men with Hypogonadism Treated or Untreated With TTh for up to 8 Years
Systolic blood pressure decreased from 151.3 + 17.0 mm Hg to 130.0 + 6.6 mm Hg in the T-group (P < .0001) and increased slightly but significantly from 139.5 + 15 mm Hg to 140.3 + 13.3 mm Hg in the control group (P < .0005). Diastolic blood pressure decreased from 90.6 + 11.6 mm Hg to 74.4 + 4.6 mm Hg in the T-group (P < .0001) and increased slightly but significantly from 79.6 + 9.2 mm Hg to 81.1 + 8.4 mm Hg in the control group (P < .005). After adjustment for baseline differences, the adjusted difference between the treated and untreated control groups showed a progressive decrease in SBP and DBP from baseline (Figure 2A and B) . Pulse pressure, a marker of arterial stiffness, decreased in the T-group from 60.7 + 7.7 mmHg to 55.6 + 4.9 mmHg (P < .0001) and remained unchanged in the control group. Heart rate (beats per minute) decreased in the T-group from 77.5 + 3.7 to 72.4 + 2.1 (P < .0001) and increased slightly but significantly in the control group from 76.2 + 5.0 to 77.6 + 4.0 (P < .01). Rate pressure product decreased from 11 751 + 1610 to 9421 + 617 in the T-group (P < .0001) and increased from 10 623 + 1347 to 10 890 + 1106 in the control group (P < .0005), with an estimated difference between groups of À2656 (Tables 5  and 6 ). These findings suggest that long-term TTh in men with hypogonadism resulted in significant reductions in both SBP and DBP as reported previously. Tables 5 and 6 , TTh produced significant decrease in TC (mmol/L) from 7.2 + 1.1 to 4.8 + 0.2 (P < .0001), whereas in the control group, TC increased from 6.3 + 1.2 to 6.8 + 1.1 (P < .0001). After adjustment for baseline differences, the difference between the treated and untreated control groups showed a progressive decrease in TC from baseline ( Figure 3A ). In the control group, LDL increased from 3.5 + 1.5 to 4.0 + 1.5 (P < .0001) but was significantly reduced in the T-group. After adjustment for baseline differences, the difference between the treated and untreated control groups showed a progressive decrease in LDL-cholesterol from baseline ( Figure 3B ). TTh increased HDL levels (mmol/L) from 1.4 + 0.5 to 1.9 + 0.5 (P < .0001). We also noted an increase in the control group (untreated) from 1.3 + 0.5 to 1.6 + 0.7 (P < .0001). This increase in HDL levels in the T-group is accompanied by significant reductions in LDL levels (mmol/L) from 4.2 + 1.1 to 2.7 + 0.8 (P < .0001). After adjustment for baseline differences, the difference between the treated and untreated control groups showed a progressive increase in HDLcholesterol from baseline ( Figure 3C ). Triglyceride levels (mmol/L) decreased in the T-group from 3.1 + 0.6 to 2.1 + 0.1 (P < .0001) and increased in the control group from 2.9 + 0.6 to 3.1 + 0.6 (P < .0001). After adjustment for baseline differences, the difference between the treated and untreated control groups showed a progressive decrease in TG levels from baseline ( Figure 3D ). Most importantly, the TC/HDL ratio was reduced in both groups but did not reach statistical significance in the untreated (control) group. As shown in Figure 4A , the difference between the treated and untreated groups showed a progressive decrease in the TC/HDL ratio from 5.6 + 1.9 to 2.6 + 0.7 in the T-group (P < .0001) and from 6.2 + 3.5 to 5.6 + 3.5 in the control group (NS). Since TC/HDL ratio is considered as an important parameter for CV risk assessment, this observation is of considerable significance to the role of TTh and CV risk. Finally, non-HDL cholesterol (mmol/L) decreased in the T-group from 5.8 + 0.9 to 2.8 + 0.5 (P < .0001) and increased in the control group from 5.0 + 1.3 to 5.2 + 1.4 (P < .0001). After adjustment for baseline differences, the difference between the treated and untreated control groups showed a progressive decrease in non-HDL cholesterol from baseline ( Figure 4B ). A, Changes in glucose levels (yellow bars) were adjusted for baseline differences between the T-treated (green bars) and untreated (red bars) control groups. B, Changes in HbA 1c (yellow bars) were adjusted for baseline differences between the T-treated (green bars) and untreated (red bars) control groups. 
Impact of TTh on Anthropometric Parameters in Men with Hypogonadism Treated or Untreated With TTh for up to 8 Years
TTh in men with hypogonadism produced significant and sustained weight loss (WL) over the course of the treatment period (mean weight decreased from 103.9 + 16.5 kg to 86.9 + 8.9 kg); the changes in weight were statistically significant for all 8 years versus the previous year (P < .0001). The estimated mean change from baseline was À19.3 kg and the mean percent change from baseline À17.0% + 7.8%. In contrast, there was a slight but significant weight gain in the control group (mean weight increased from 91.8 + 10.6 kg to 92.4 + 9.0 kg; P < .0005). The estimated mean change from baseline was þ1.6 kg and the percent mean change from baseline þ1.5% + 2.4% (Tables 5 and 6 ). The WL noted in the T-group appears to translate into a marked reduction in WC. Waist circumference in the T-group decreased from 105.8 + 8.6 cm to 97.2 + 6.5 cm (P < .0001). The changes were statistically significant for 8 years versus the previous year (P < .0001). The estimated mean change from baseline was À10.0 cm. When the data were adjusted for baseline differences, the adjusted difference between the treated and untreated control groups showed a progressive decrease in WC from baseline ( Figure 5) . A slight increase in WC was observed in the untreated group. Waist circumference in this group increased from 106.7 + 7.5 cm to 107.9 + 6.4 cm (P < .0001). The observed WL and reduction in WC in the T-group are also reflected in reduced BMI values (BMI decreased from 33.1 + 5.4 to 28.0+3.0, estimated mean change from baseline À6.2 kg/m 2 ). A slight but significant increase in BMI was noted in the untreated group where BMI increased from 29.3 + 3.5 to 29.7 + 3.1 by an estimated þ0.5 kg/m 2 (P < .0005).
Effects of Long-Term TTh on Safety Parameters in Men with Hypogonadism
In this comparison registry study, long-term TTh in men with hypogonadism increased hemoglobin concentrations and hematocrit, but the levels remained within the physiological ranges. 36, 37, 44 Seven patients were diagnosed with low-grade prostate cancer in the T-group (1.9%) and 12 patients were diagnosed with prostate cancer in the untreated (control) group (4.1%).
Discussion
Epidemiological studies demonstrated that reduced circulating T levels are associated with greater CVD risk and physiological T levels are associated with a protective effect on the vascular system. 16 However, to date, there are no published large, prospective, placebo-controlled studies of sufficient duration that investigated the effects of TTh, especially with regard to CVD, in men with hypogonadism and assessed the benefits and risks of TTh. A number of observational studies have demonstrated that TTh reduced mortality and produced improvements in CV risk factors, such as reduced fat mass, obesity, WC, blood pressure, and improvement in glycemic control. 36, 37, 44 TD (hypogonadism), MetS, type 2 diabetes, and other known risk factors for CVD are chronic diseases requiring chronic, lifelong treatment. Indeed, assessment of TTh on these chronic conditions requires long-term randomized, controlled trials (RCTs) with long durations approaching a decade in order to truly assess what happens in real-life settings. Unfortunately, this is not feasible and most of the RCTs are of short duration. It is unlikely that we will be able to observe real-life changes in response to therapy in studies with short duration. Therefore, registry studies represent a bridge between RCTs and real life. 54, 55 In this report, we present data from an observational registry study on TTh in 360 men with hypogonadism who were followed up for a period of 8 years while on continuous TTh and compared these findings to data from 296 men with hypogonadism who remained untreated for the same follow-up period, approaching 8 years. Of particular interest is that there were only 2 deaths in the T-treated group and none was related to CV events. Interestingly, in the nontreated control group, there were 21 deaths, 19 of which were related to CV events. Furthermore, there were 26 nonfatal MIs and 30 nonfatal strokes in the control group but none in the T-treated group. These findings are in agreement with prior observational studies. [24] [25] [26] [27] [28] [29] [30] [56] [57] [58] TTh has been shown to reduce the risk of incidence of MI, stroke, and mortality in men with hypogonadism. [24] [25] [26] [27] [28] [29] [30] [56] [57] [58] These reports, together with the meta-analysis published by Corona et al 59 and the FDA response to the petition to place a black box on T products, 35 suggest that no credible or substantial evidence exists for increased CV risk with TTh. Our findings which span more than 8 years with a large number of Waist Circumference (cm) patients also confirm this premise. Thus, we point out that the earlier reports that purported increased CV risk with TTh are confounded by methodological flaws and without adequate clinical acumen that makes them inconclusive, and at best suspect, in their conclusions. Considerable clinical benefits of TTh cannot be denied such as improvement in sexual desire and erectile function, [59] [60] [61] [62] increased energy, mood, and vitality, [62] [63] [64] [65] [66] increased lean body mass [67] [68] [69] [70] [71] reduction in total body fat mass, [63] [64] [65] [66] [72] [73] [74] and reduction in WC. 3, 36, 37, 45, 75 Importantly, TD in older men is associated with an increased risk of death. 76, 77 A number of studies demonstrated that TTh improves CV risk factors including reducing fat mass, ameliorating obesity, reducing WC, reducing blood pressure, and improving glycemic control. 11, [76] [77] [78] [79] [80] [81] Similarly, the improvements in blood pressure, insulin sensitivity, HbA 1c , and MetS components subsequent to TTh suggest that this therapeutic modality reduces CV risk.* Epidemiological studies identified TD as a risk factor for CVD. 88 Furthermore, TTh improves CBV perfusion and improves mood in men with TD and low T levels predict a poor CV risk profile. 89, 90 We should point out that we made no attempts to monitor changes in lifestyle, simply because when this registry study was initiated, there was no expectation that men would lose weight, lose WC, and experience improvement in lifestyle. For this reason, there were no plans to investigate the effects on changes in lifestyle, which is very important. However, placebo-controlled studies showed that obese men on a hypocaloric diet receiving T had a significant increase versus baseline in step count per day and activity, assessed by accelerometry. 91 The patients in this registry also reported anecdotally that they had increased their level of physical activity. Future study should account for improvements in mood and quality of life in response to TTh.
We should also point out that several studies showed reduced carotid intima-medial thickness in response to TTh, suggesting that normalizing serum T may prevent or reverse atherosclerosis. In addition, TTh reduced mortality by approximately 50% in men with hypogonadism 57 and diabetic men.
58
A recent large observational study by Wallis et al 92 demonstrated that in long-term TTh, an inverse relationship between TTh and CVD risk and mortality was observed. It is our view that such important findings provide support for the premise that TTh reduces mortality associated with CVD and TD increases mortality among men with hypogonadism. 11, [76] [77] [78] [79] [80] [81] We also investigated the changes in blood glucose levels and the levels of the surrogate marker for hyperglycemia, HbA 1c . Most importantly, we noted that TTh in men with hypogonadism resulted in significant and sustained reductions in blood glucose throughout the observation period. Interestingly, however, this was not the case in men with hypogonadism who remained untreated for the same observational period. The reduction in blood glucose may be explained by improved glucose uptake, utilization, and disposal in response to T action and in overall improvement in fuel metabolism. This finding is of importance, since hyperglycemia is a component of the MetS and a contributor to IR and onset of diabetes, thus contributing to increased CVD risk. The marked improvement in glucose metabolism resulting from TTh is also reflected in the reduction in the fraction of HbA 1c . This observation is consistent with previous studies. 36, 37, [42] [43] [44] We did not observe, however, any significant decrease in HbA 1c levels in the untreated (control) group, confirming a role of T action in glucose utilization and disposal. 93, 94 This finding has relevant clinical implication for regulating hyperglycemia in men with hypogonadism. Since hyperglycemia, IR, and diabetes are considered as risk factors for CVD, therefore, TTh ameliorates hyperglycemia and IR and reduces the risk of CVD. Intensive glucoselowering therapy by various therapeutic modalities has been the mainstay of treating hyperglycemia. However, many of such therapeutic agents are associated with adverse side effects and poor compliance, and initial improvements cannot be maintained. T is a physiological hormone and, when administered in physiological levels, it produces marked reductions in glucose and HbA 1c levels without serious side effects. 36, 37, [42] [43] [44] 63 Thus, this therapy may serve as a novel approach to augment treating hyperglycemia in men with hypogonadism. These findings further support the notion that TTh contributes to a reduction in CV risk and an improvement in cardiometabolic function.
One of the critical findings of this long-term study is the improvements and normalization of the lipid profile only in men with hypogonadism treated with T. Pronounced and significant decreases in TC, LDL, and TGs were observed in response to TTh over the course of the treatment period. In contrast, no significant changes were noted in the untreated (control) group. Since dyslipidemia is one of the components of the MetS and a risk factor for CVD, any normalization in the lipid profile would be considered a benefit since it reduces the risk of MetS and CVD. It is worth noting that the observed decreases in TC, LDL, and TGs in response to TTh are significant and parallel those values observed in men treated with statins to prevent CVD. More importantly, the TC/HDL ratio in the T-treated men was lowered significantly compared to untreated men. Since this ratio is thought to predict the risk of CVD, in particular, ischemic heart disease, such decreases in this ratio noted in this study support the notion that TTh reduces the risk of CVD. 95 In this study, we also compare the changes in SBP and DBP in the T-group with that of the untreated group. Our findings showed a significant and gradual decrease in both SBP and DBP in patients treated with T but no significant decreases in blood pressures in the untreated patients (control group). The decrease in blood pressure in the T-group was maintained over the entire course of the 8 years of continuous therapy. The link between TD and risk of hypertension and the improvement in blood pressure with TTh has been proposed previously. 44, 96 Several studies have suggested that T modulates arterial blood pressure via a host of biochemical and physiological mechanisms, 47, 48 and low circulating T levels may contribute to hypertension. Systolic blood pressure is inversely associated with T levels, 47, 48 suggesting that hypogonadism contributes to higher blood pressure. Men with hypogonadism treated with TTh were shown to exhibit reduced blood pressure. 47, 48 Of interest is the improvement in pulse pressure, a surrogate marker for arterial stiffness, in the T-treated but not in the untreated group. It should be noted that pulse pressure is considered a marker of vascular stiffness and any reduction in this parameter is considered favorable for reducing CVD risk. 97, 98 This observation is congruent with data from a recent placebo-controlled study in which reduction in arterial stiffness was reported following TTh. 99 The reduction in rate pressure product in the Tgroup reflects a decrease in the myocardial workload.
We further compared the effects of TTh on anthropometric parameters and risk factors relevant to cardiometabolic function, considered to be risk factors for CVD. The data presented here clearly demonstrate that TTh produces profound effects on the anthropometric parameters with concomitant WL, reduction in WC, and diminished BMI. No significant WL and reduction in WC and BMI were observed in the untreated group over the entire follow-up period. When findings obtained from the T-group were compared to the data obtained from the untreated (control) group, the changes in weight, WC, and BMI produced by TTh were significant and sustained over the entire treatment period. We believe that the observed WL and the reduction in WC and BMI are the results of TTh-inducing changes in body composition. It is well known that TTh invariably reduces fat mass and increases lean mass.
3 This is critical in that increased lean body mass is thought to improve basal metabolic rate, glucose metabolism, overall health, and mortality. 100, 101 Thus, this suggests that TTh in men with hypogonadism may reduce the risk of CVD and provide a protective effect, as suggested by several contemporary studies. [23] [24] [25] [26] [27] [28] [29] [30] 56 Although a considerable body of evidence accumulated to suggest that TTh does not increase the risk of CVD, a recent review by Huo et al 102 tabulated studies on TTh in men with hypogonadism and suggested that studies that examined clinical CV end points have not favored TTh over placebo. It appears that since the purported risks of TTh regarding prostate cancer and CVD risk have been debunked, the authors attempted to downplay the benefits of TTh, especially with regard to the CV physiology. It should be pointed out that this review made a large tabulation of methods and end points of studies reported in the literature but failed to perform appropriate analyses, such as Forest plots or any other form of analyses to account for difference among studies in baseline characteristics, comorbidities, differing end points, varying degrees of clinical assessment, differing T formulations and route of administration, different durations of treatments, or adjusting for variables among the tabulated studies. Interestingly, the authors of this review 102 formulated their own conclusions based not on actual data presented in such studies but rather on preconceived ideology. This review either ignored or overlooked the findings of many studies that demonstrated significant benefits of TTh. [11] [12] [13] [14] [15] [16] [24] [25] [26] [27] [28] [29] [30] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [57] [58] [59] [62] [63] [64] [65] [66] [67] [68] [69] We wish to emphasize that in addition to the adjusted multivariable analyses used in this study, we have also utilized the propensity score matching approaches to compare the 2 groups across time while adjusting for baseline differences. The propensity matching analysis of men on active TTh with those untreated men, calculating propensity score based on logistic regression model and selecting matching pairs based on the score (see "Methods" section), was carried out to verify that the data obtained with the regression model were meaningful. We must point out that all additional analyses using various scenarios did not result in any noticeable gain of the matched sample and were congruent with data from the adjusted multivariable analysis model.
Study Limitations
The present study was not designed or powered to address the effects of TTh on mortality in men with hypogonadism. There was no adjudication of previous CV events that were reported by the patients as part of their anamnesis. Since patients were treated for their underlying diseases by other specialists than the urologist performing TTh, there was no precise monitoring of concomitant medications, so that changes cannot be excluded.
We do not have any information on medication adherence with regard to any of the concomitant medications that patients had been prescribed. Treatment decisions were made by the same single urologist (A.H.), and the same laboratory was used at all times. We wish to note that the majority of patients whether in the TTh group or in the control group were receiving the standard-of-care treatment in a limited number of general clinical practice or internist offices in and around the city of Bremerhaven, Germany. Thus, we believe that there were minimal variations in the overall management of these patients. For these reasons, it is unlikely that patients in one group received different treatment for their comorbidities from patients in the other group.
Another limitation is that patients were not randomized: The decision for or against TTh, however, was not possible for all patients. Patients with Klinefelter syndrome and other forms of primary hypogonadism had no choice and invariably received TTh, and so did patients with inflammatory bowel diseases who were specifically referred to be treated with T. The fact that these 3 subgroups were considerably younger explains the age gap between the T-group and the control group. We should also point out that potential selection bias may exist based on socioeconomic status-a factor well known to influence the overall health and CV health. Since patients opting not to receive TTh due to financial reasons are part of the control group, it is possible that patients who decided against T treatment for financial reasons did so because of their lower income.
Conclusion
In the absence of long-term prospective, placebo-controlled trials to investigate the risks and benefits of TTh in men with hypogonadism, observational registry studies that include a control group, such as reported herein, provide critical information on the long-term safety and effectiveness in clinical practice, especially relevant information regarding adherence and health outcomes in the general population. 54, 55, 92, 103, 104 In contrast to the majority of studies, patients in the T-group achieved a 100% medication adherence, as T injections were performed in the doctor's office and documented. This aspect of treatment is of paramount importance and is considered to be a strength of this study. Thus, long-term TTh in men with hypogonadism appears to be an effective approach to achieve sustained improvements in anthropometric parameters, cardiometabolic function, and risk of CVD events. The low number of CV events observed in the T-group compared with the untreated (control) group strongly suggest that TTh is protective. We believe that the protective effect of T on the CV system provides clinicians with the opportunity to utilize this approach for secondary prevention for men with hypogonadism with a history of CV events.
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